The upper limb rehabilitation robot is mainly used for rehabilitation training of patients with upper limb hemiplegia. Aiming at the structural model features of 5-DOF upper limb rehabilitation robot, the improved D-H coordinate transformation method is used to establish the kinematics equations of each link and coordinate system of the robot. According to Monte Carlo method, the motion space of the robot is analysed and the trajectory range is initially limited. The trajectory of the joint space is planned for the robot, and the angular displacement, angular velocity and angular acceleration curve of each joint of the robot are obtained, and the curve is fitted by a fifth-order polynomial. The validity of the designed 5-DOF upper limb rehabilitation robot is verified.
Introduction
Human upper limb is one of the most important sports limbs of the body, which is closely related to our daily life. In recent years, the number of hemiplegic patients caused by accidents such as brain trauma, spinal cord injury and stroke is also quite large. For these hemiplegic patients, the most effective method at present is to carry out rehabilitation training immediately after treatment, and reestablish the relationship between limbs and injured nerves [1] .
Most hospitals are still using traditional manual rehabilitation training methods. Robot rehabilitation training has not been widely promoted in China [2] . Based on the current severe social situation, the design of an intelligent and cost-effective upper limb rehabilitation robot has practical significance for the development of rehabilitation medicine.
Model of Upper Limb Rehabilitation Robot
The structure model of the 5-DOF upper limb rehabilitation robot is shown in Figure 1 . All parts and assemblies are completed by 3D graphics software SOLIDWORKS. It has five degrees of freedom, all of which are rotating joints, mainly for adduction/abduction movement of the upper limb shoulder joint, flexion/extension movement, internal/external rotation movement, flexion/extension of the elbow joint, flexion/extension of the wrist joint motion.
The kinematics model of the robot is usually established by D-H method. The D-H method is divided into the pre-coordinate system and the post-coordinate system [3] . Since the pre-coordinate system is more intuitive, this paper uses the pre-coordinate system to coordinate the upper limb rehabilitation robot. Figure 2 below shows the coordinate system of the upper limb rehabilitation robot established by the D-H method.
The D-H parameters of each link is given by table 1. The relationship between two adjacent links is represented by four parameters, namely the link length a, the torsion angle α, the link offset d, and the joint angle θ. a and α represent the relationship between the x-axis, that is, the characteristics of the link itself, and d and θ represent the relationship between the z-axis, that is, the positional relationship between the two links. The range of motion of each joint is given according to the data of upper limb rehabilitation medicine. 
Monte Carlo Method of Motion Space Analysis
The workspace of multi-joint robots is an important index reflecting the motion ability of robots, which can provide important reference for the follow-up trajectory planning of robots [4] . The working space range of the end-effector of the rehabilitation robot can be obtained from the figure (b) (c) and (d) in Figure 3 . It can be seen that the end-effector of the rehabilitation robot coincides with the outermost point of the working space cloud image, and the space shape is consistent with the actual working space of the human upper limb. The correctness of the workspace analysis of the upper limb exoskeleton robot based on Monte Carlo method is verified.
Spatial Trajectory Planning
It needs to drive the arm of patients to move according to a certain trajectory when the upper limb rehabilitation robot completes rehabilitation training. Trajectory planning simulation can intuitively describe the movement process of upper limb rehabilitation robot in detail. Robotics Tool is a toolbox in MATLAB that can be used for robot simulation. Through the toolbox, the kinematic characteristics of the upper limb rehabilitation robot can be qualitatively analysed.
Trajectory planning can be carried out in joint space or Cartesian coordinate space [5] . Robotics Toolbox tools use jtraj () and ctraj () to achieve joint space planning and Cartesian space planning. Because the joint space planning method is simple and does not produce singularities, this paper mainly introduces joint space trajectory planning in detail.
The arc trajectory of elbow joint is the most common training trajectory in upper limb rehabilitation training. In this paper, motion planning of elbow joint is carried out to obtain the arc trajectory curve of the end. The starting position q1=[ ], the ending position q2=[ ], and the trajectory curve are shown in It can be seen from the graph that the angular acceleration of each joint and the curve of angular acceleration are continuous and smooth, and the angular acceleration at the beginning and end are all zero. It can be seen that the planning of rehabilitation trajectory is stable, there is no sudden change of velocity and the sense of setback in operation. It satisfies the condition of trajectory planning of rehabilitation robot. It shows that the trajectory planning of rehabilitation robot in joint space is theoretically correct. 
Conclusion
In this paper, the workspace solution and trajectory planning of the 5-DOF upper limb rehabilitation robot are designed. Firstly, the motion coordinate system of the robot is established by D-H coordinate method. Then, we using MATLAB Toolbox to carry out Monte Carlo-based motion space analysis. Finally, the motion curve at the elbow joint is planned, and its motion characteristics are analysed, and a relatively smooth curve is obtained, which preliminarily verifies the validity of the designed rehabilitation robot.
